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 Energy from Chemical Reactions: Understanding the Combustion Engine 
Grade: 6-8 Topic: MS THERMAL ENERGY FLOW Lesson #     1  (8 class periods) in a series of    5   lessons. 
Brief Lesson Description:  Automobiles produce a large amount of heat generated by the burning of 
gasoline.  Burning gasoline is a chemical reaction that causes a phase change.  This is called combustible 
energy.  During combustion fuel combines with oxygen to release energy (such as heat, light, sound)  
along with another product that is often considered waste. 
Most of the energy produced is not used to power the automobile, but is released as heat. 19.3 pounds 
of the greenhouse gas, carbon dioxide, is produced from the combustion of 1 gallon of U.S. gasoline 
according to the U.S. Energy Information Administration.  
 
Students will previously have used materials (which may include K'nex Kits, Legos, other car kits,  or 
household items) to research, design, build and test a vehicle for distance traveled. For this lesson, the 
pre-assembled and tested vehicle will meet the additional criteria during testing:  
● The main power is produced by an exothermic chemical reaction (classroom safe). 
● The secondary power is electricity produced from the “waste” thermal energy. (This secondary 
electric power may be used to power an accessory instead of the vehicle itself) (The secondary 
electric power is demonstrated during as a connection during the electromagnetic generator 
lesson that follows.) 
● Travels any distance. 
● Reliable enough to repeat for a total of 2-3 trials without repair. 
 
Performance Expectation(s)/Standards Bundle:  
MS-PS1-6 Undertake a design project to construct, test, and modify a device that either releases or absorbs 
thermal energy by chemical processes. [Clarification Statement: Emphasis is on design, controlling the transfer of 
energy to the environment, and modification of a device using factors such as type and concentration of 
substance. Examples of designs could involve chemical reactions such as dissolving ammonium chloride or calcium 
chloride] [Assessment Boundary: Assessment is limited to the criteria of amount, time, and temperature of 
substance in testing the device.] 
 
MS-PS3-5 Construct, use, and present arguments to support the claim that when the kinetic energy of an object 
changes, energy is transferred to or from the object. [Clarification Statement: Examples of empirical evidence 
used in arguments could include an inventory or other representation of the energy before and after the transfer 
in the form of temperature changes or motion of object.] [Assessment Boundary: Assessment does not include 
calculation of energy.] 
Lesson Specific Learning Expectations: 
Test and modify a device that uses a product and energy from an exothermic chemical reaction to power 
a designed system (car).  
Science & Engineering Practices:  
 
Constructing Explanations and 
Designing Solutions  
Constructing explanations and 
designing solutions in 6–8 builds on 
Disciplinary Core Ideas:  
 
Constructing Explanations and 
Designing Solutions  
● Some chemical reactions 
release energy, others store 
Crosscutting Concepts:   
Energy and Matter  
● The transfer of energy can be 
tracked as energy flows 
through a designed or natural 
system. (MS-PS1-6)  
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K–5 experiences and progresses to 
include constructing explanations 
and designing solutions supported 
by multiple sources of evidence 
consistent with scientific 
knowledge, principles, and 
theories.  
● Undertake a design project, 
engaging in the design cycle, to 
construct and/or implement a 
solution that meets specific 
design criteria and constraints. 
(MS-PS1-6)  
 
Engaging in Argument from 
Evidence  
Engaging in argument from 
evidence in 6–8 builds on K–5 
experiences and progresses to 
constructing a convincing argument 
that supports or refutes claims for 
either explanations or solutions 
about the natural and designed 
worlds.  
●  Construct, use, and present 
oral and written arguments 
supported by empirical 
evidence and scientific 
reasoning to support or refute 
an explanation or a model for a 
phenomenon. (MS-PS3-5)  
● Construct an oral and written 
argument supported by 
empirical evidence and 
scientific reasoning to support 
or refute an explanation or a 
model for a phenomenon or a 
solution to a problem. (MS-
ESS3-4)  
 
Connections to Nature of Science  
Scientific Knowledge is Based on 
Empirical Evidence  
● Science knowledge is based 
upon logical and conceptual 
connections between evidence 





energy. (MS-PS1-6)  
 
ETS1.B: Developing Possible 
Solutions  
● A solution needs to be tested, 
and then modified on the basis 
of the test results, in order to 
improve it. (secondary to MS-
PS1-6)  
 
ETS1.C: Optimizing the Design 
Solution  
● Although one design may not 
perform the best across all 
tests, identifying the 
characteristics of the design 
that performed the best in 
each test can provide useful 
information for the redesign 
process—that is, some of the 
characteristics may be 
incorporated into the new 
design. (secondary to MS-PS1-
6)  
● The iterative process of testing 
the most promising solutions 
and modifying what is 
proposed on the basis of the 
test results leads to greater 
refinement and ultimately to 
an optimal solution. 
(secondary to MS-PS1-6)  
 
PS3.B: Conservation of Energy and 
Energy Transfer  
● When the motion energy of an 
object changes, there is 
inevitably some other change 





● Energy may take different 
forms (e.g. energy in fields, 
thermal energy, energy of 
motion). (MS-PS3-5)  
 
Cause and Effect  
● Cause and effect relationships 
may be used to predict 
phenomena in natural or 










Lesson Specific Learning Outcomes/Including Evidence Statements:  
MS-PS1-6 
1. Using scientific knowledge to generate design solutions 
a. Given a problem to solve that requires either heating or cooling, students design and 
construct a solution (i.e., a device). In their designs, students: 
i. Identify the components within the system related to the design solution, including: 
1.  The components within the system to or from which energy will be transferred to 
solve the problem.  
2. The chemical reaction(s) and the substances that will be used to either release or 
absorb thermal energy via the device. 
ii. Describe how the transfer of thermal energy between the device and other 
components within the system will be tracked and used to solve the given problem.  
2. Describing criteria and constraints, including quantification when appropriate 
a. Students describe the given criteria, including: 
i. Features of the given problem that are to be solved by the device.  
ii. The absorption or release of thermal energy by the device via a chemical reaction 
b. Students describe the given constraints, which may include: 
i. Amount and cost of materials.  
ii. Safety. 
iii. Amount of time and/or distance during which the device must function. 
3. Evaluating potential solutions 
a. Students test the solution for its ability to solve the problem via the release or absorption of 
thermal energy to or from the system.  
 
MS-PS3-5 
1. Supported claims 
a. Students make a claim about a given explanation or model for a phenomenon. In their claim, 
students include idea that when the kinetic energy of an object changes, energy is transferred 
to or from that object.  
2. Identifying scientific evidence 
a. Students identify and describe the given evidence that supports the claim, including the 
following when appropriate: 
i. The change in observable features (e.g., motion, temperature, sound) of an object. 
before and after the interaction that changes the kinetic energy of the object.  
ii. The change in observable features of other objects or the surroundings in the defined 
system. 
3. Evaluating and critiquing the evidence 
a. Students evaluate the evidence and identify its strengths and weaknesses, including: 
i. Types of sources. 
ii. Sufficiency, including validity and reliability, of the evidence to make and defend the 
claim. 
iii. Any alternative interpretations of the evidence and why the evidence supports the 
given claim as opposed to any other claims. 
4. Reasoning and synthesis 
a. Students use reasoning to connect the necessary and sufficient evidence and construct the 
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argument. Students describe a chain of reasoning that includes:  
i. Based on changes in the observable features of the object (e.g., motion, temperature), 
the kinetic energy of the object changed.  
ii. When the kinetic energy of the object increases or decreases, the energy (e.g., kinetic, 
thermal, potential) of other objects or the surroundings within the system increases or 
decreases, indicating that energy was transferred to or from the object.  
b. Students present oral or written arguments to support or refute the given explanation or 
model for the phenomenon.  
 
Prior Student Knowledge: Click on the standard to link to the NGSS standard site to see what students 
should know and be able to do. 
 
MS-PS1-4 Matter and its Interactions  
Develop a model that predicts and describes changes in particle motion, temperature, and state of a pure 
substance when thermal energy is added or removed. 
MS-PS3-2 Energy 
Develop a model to describe that when the arrangement of objects interacting at a distance changes, 
different amounts of potential energy are stored in the system. 
Possible Preconceptions/Misconceptions:  
 
● Misconception: Energy is lost in many energy transformations. Things “use up” energy. Fact: Energy 
may be transformed or transferred but is not actually “lost” or “used up” or disappears to nowhere, 
however, some energy may be changed to forms we do not need or wish to use at that time.  
● Misconception: Energy can be changed completely from one form to another (no energy losses). 
Fact: When energy is transformed or transferred from one place to another there is some energy 
that is changed to a different form of energy. This energy is not “lost” in that it does not disappear. 
Instead some turns into forms that are not usable or that we do not wish to use.  This is referred to 
as energy loss even though it still exists in some form. 
● Misconception: There is no relationship between matter and energy. Fact: Matter stores energy. 
● Misconception: Heat and cold are different forms of energy.  Fact: Heat is the transfer of energy from 
a hot object to a colder object. Cold is the absence of heat.  Heat and cold can be thought of as 




LESSON PLAN – 5-E Model  
ENGAGE:  Opening Activity – Access Prior Learning / Stimulate Interest / Generate Questions:  
  
Elephant’s Toothpaste for Students: (see student instruction sheet and lab sheet) 
Let’s find out about chemical reactions that produce heat! 
 
Background information for the teacher: 
● The chemical formula for hydrogen peroxide is H2O2. 
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● The yeast serves as a catalyst for the chemical reaction. It speeds up the chemical decomposition 
reaction of the hydrogen peroxide but remains yeast, meaning that it does not chemically change 
itself. 
● The hydrogen peroxide decomposes to form oxygen gas (O2) and water (H2O). 
● As the hydrogen peroxide decomposes, energy in the form of heat is released causing the bottle to 
feel warm. This is an example of an exothermic reaction. 
● Therefore, the elephant toothpaste is made up of dish soap, water, and oxygen gas.  
 
Materials 
● safety equipment (chemical splash goggles, aprons, gloves) 
● hydrogen peroxide (40 volume from a beauty supply house) 
● liquid dish soap (1 squirt) 
● food coloring (optional) 
● 1 Tbsp. dry yeast 
● 20 ml warm water 
● small cup to mix yeast and water 
● 16 oz. plastic soda bottle (recycled soda pop bottle) 
● measuring spoon (tsp) or disposable plastic spoon 
● funnel 
● container to “catch” the elephant’s toothpaste 
● Infrared thermometer 
 
Procedure (Be sure to put on goggles and gloves and follow all lab safety rules.) (Aprons will protect 
clothing.) 
1. Measure and add 100 ml of hydrogen peroxide to the 16 oz. bottle. Record the temperature.  
2. Add a squirt of dish soap to the bottle and gently swirl to mix the soap with the hydrogen 
peroxide. (Optional: add food coloring and swirl). Record the temperature 
3. Place the bottle in a container to “catch” the elephant toothpaste. 
4. Add 1 level tablespoon of yeast to the warm water and stir.  
5. Add the dissolved yeast to the bottle and swirl.  
6. Place the bottle on a large tray or in a tub. Immediately record the temperature and record every 
15 seconds until the temperature stops rising. 
7. Observe and record. 
In your journal: 
1. Record your observations: see, hear, touch, smell, but do NOT taste?  
2. What ideas do you have about what may have caused each of these observed characteristics? 
3. What was the purpose of the yeast? 
4. How does the container feel? What type of reaction is this and why? 
5. How does the elephant’s toothpaste feel? 
6. What are the products of this chemical reaction (What was left at the end?)  
 
Note: Brief discussion of the chemistry: H2O2 and yeast react to form oxygen and water.  Discuss the role 
the yeast plays. 
 
Differentiate/Extend: 
1. The elephant’s toothpaste activity may be adjusted to providing fewer or no directions and allow 
students to explore how to make it work.  
6 
 
2. Have students brainstorm problems to solve using the materials from this demonstration. 
Examples might include variables to test such as bottle size, amount of yeast, amount of hydrogen 
peroxide, strength of hydrogen peroxide, not using warm water, etc.  
 
ENGAGE:  Activity 2 option – Access Prior Learning / Stimulate Interest / Generate Questions:  
  
Schedule a motorcycle or car to be at school for the day. Students may collect data such as temperature 
of the engine at intervals just before and after starting the engine. 
 
Observation and discussion of actual combustion engine –  
1. Review safety precautions with the students before going outside. 
2. Go outside to observe a motorcycle (or car, or weed eater, lawn mower or etc) engine; instruct 
students to engage and make observations (make notes) using their senses - sight, sound, smell, 
feel (feel the heat coming off engine but do NOT touch), no tasting.  
3. Using an infrared thermometer measure and record the temperature of the engine before 
starting, and every 30 seconds after starting until the temperature levels off.   
4. Return inside.  Use the chart of temperature readings to make a line graph of the temperature 
changes over time.  
5. Discuss observations and data in small groups and record in science journal.  Suggestions: Have 
students put on post-it notes, or on a shared electronic document, verbally, or on white boards.  
Idea coaching: Give students sentence frames to aid in their discussion.  
a. I observed… 
b. I think…because… 
c. Evidence that supports my argument includes… 
d. I think this is supporting evidence because… 
e. The scientific idea that this supports is… 
f. From my observations, I think this vehicle may affect the environment by … because… 
g. The energy transformation in the engine included…. to ………….. 
h. A question I have is…  (post these for all to share). 
6. The next day compare/contrast the temperature data from all classes.  
 







In groups – Observe and operate a combustion engine model.  In your science journal sketch what you 
see, use arrows to show the flow of energy, and label each step. Research and explain how observing the 
model is alike and different than observing a real engine. 
 
Highlights: A type of chemical reaction using oxygen and a fuel, known as combustion, takes place 
in the combustion engine. 
 




● oxygen in the air 
● spark 
1. The fuel, oxygen, and spark combine in the chamber to force the piston down. This rotates the 
crankshaft.  
2. Chemical energy is transformed to mechanical energy and heat.  
3. Heat and chemicals are given off. The chemicals are water and hydrocarbons.  
 
Students visit the interactive engine at http://www.animatedengines.com/.  Allow about 15-20 minutes 
for this activity. 
 
Additional videos and interactives: 
 
This one has great graphics and a 1.5 minute long video.   
http://easyscienceforkids.com/all-about-internal-combustion-engines/ 
 
https://www.youtube.com/watch?v=5tN6eynMMNw (great student level video) 
 




Great vocabulary site for combustion engines – just don’t read the hybrid article, it 
will be used in upcoming lessons. 
http://wonderopolis.org/wonder/how-does-an-engine-work 
 





EXPLORE: Lesson Description – Materials Needed / Probing or Clarifying Questions:  
 
Materials:  
● Fully tested balloon car engineered from previous lesson 
● Safety Equipment (goggles, aprons, gloves) 
● 1 level Tablespoon yeast 
● 20ml warm water 
● masking tape 
● 1 liter bottle 
● 100 milliliters 12% hydrogen peroxide  
                 (40 volume from beauty supply house) 
● Temperature measure (infrared thermometers) 
● Rubber stopper and tubing (provided - see materials list) 





1. Today students will utilize their previously designed balloon cars along with what they have discovered 
about combustion engines and exothermic reactions to demonstrate the direct conversion of heat 
generated by an exothermic reaction to power their cars.   
 
2. Each group of 3-4 students will need goggles, aprons, and gloves to handle the hydrogen 
peroxide.  Each group will also need the other supplies listed above. 
 
3. Without touching the supplies given, students will visually inspect the supplies and connect them with 
the Elephant Toothpaste launch.  Students will think about and discuss how they might use the supplies 
to make their car move.  Allow time for students to generate ideas. 
 
4. Then inform students that we have found that 100 milliliters of 12% (40 volume) hydrogen peroxide 
and 1 level Tablespoon of yeast will power the car. 
 
5. Have them precisely measure these supplies and talk about how at this time, these amounts may not 
be adjusted.  These amounts are constants.  Teacher note: students will not make multiple runs with 
their cars at this phase.  Multiple trials and redesign happened in the previous car design lab.  Students 
will need to be precise in their connection of the inflated balloon to their car.  Clipping the twisted end of 
the balloon may help to prevent gas leakage while attaching it to the car. If necessary, teachers can 
decide if students can repeat the process with new chemicals. (Having students practice removing an air 
inflated balloon from the stopper and attaching it to the car multiple times before doing so with 
chemicals is a good idea.) 
 
6. Before combining yeast and hydrogen peroxide, have a discussion about: 
1. What we expect might happen? 
2. What are some things that might interfere with powering our car?  
3. What safety precautions need to be observed? 
4. What is the mass of the hydrogen peroxide, water, and yeast before the reaction, and the 
bottle?   
5. Predict how you think the before and after masses will compare. 
6. What is the mass of the bottle with products after the reaction?  
7. What role does the balloon play? 
8. How does this temperature device work? What safety measures should be taken with use? 
9. How often should we take measurements for the temperature? 
7. Students will measure the temperature of the bottle and record.  Remind students to collect the 
temperature at 5 points (empty bottle, right before swirling, during swirl, after balloon is fully inflated, 
after stopper/balloon apparatus is removed) 
 
8.  Students will use a digital scale to mass the bottle, hydrogen peroxide, water, and yeast prior to 
reaction. 
 
9. In your groups decide the role for each student.  Suggestions include bottle filler, bottle mixer, balloon 
fillers, pourer, balloon fastener, thermal measurement, observer/data collector, etc.  Rehearse roles 




10.  Students attach stretched out balloon to tubing/stopper apparatus . (Suggestion: Use a balloon 
pump to inflate the balloon to stretch it out before inflating with the chemical reaction.) 
 
11.  Students combine the hydrogen peroxide and yeast/warm water solution in the bottle and 
immediately attach stopper.   
 
12. Students gently swirl the bottle to promote reaction.  
 
13. Reminder that temperatures are being collected at multiple phases. 
 
14. Students rapidly and precisely transfer inflated balloon to car, observe, and record.  
 
15. Students mass the bottle containing the mixture 
 
16. Students clean up experiment 
 
17. Students discuss their observations in their group 
 
18.  Students evaluate and interpret their temperature data.  Students will choose a method to display 
their temperature data and write a brief summary of the experiment. 
 
Differentiate/Extend 
1. Students plan a change in the amount of one of the chemicals used for the chemical reaction and test 
it.  
2. Students research other school safe chemical reactions that might be used to power their cars. If time 
and supplies allow they could test this.  
EVALUATE: Student self-evaluation 
● Students reflect cooperatively and record independently in their journals (or on lab sheets) for 
each activity: 
○ Paragraph 1: Explain what went well and explain any problems encountered. 
○ Paragraph 2: Brainstorm and explain ways of improving.  
○ Paragraph 3: Explain what you learned  
○ Paragraph 4 Conclusion: Explain some ways this is relevant to our lives. 
 
Formative Monitoring (Questioning / Discussion):  
Informal monitoring, guidance, and questioning during the activities 
 
Summative Assessment Choice 1: 
Student brainstorm questions that will help their team gather research on combustion engines and 
complete a presentation project of your choice that answers? 
Here are some example questions that may help during and after the brainstorming period: 
1. How does the combustion engine work? 
2. How do combustion engines affect our lives: pros and cons? 
3. What is your argument and evidence that when the kinetic energy of the car changed, the energy 
was transferred to or from the car? Site evidence with details. 
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4. What is your argument and evidence for how the environment is affected by the combustion 
engine? Site evidence with details. 
5. What ideas do you have to improve any of these things? Original thinking outside the box! Details 
6. At least one set of information about combustion engines, not above that you would like to share 
with us. This may be an idea or ideas about how we might use the “waste” heat that is given off 
when the engine is running.   
 
Have the students brainstorm to obtain a complete idea list of presentation types: powerpoint, game, 
Prezi, Powtoon, poster, felt board, puppet show, play, song, video, mobile, or other approved by teacher. 
Some of these may need to be used in combination to be able to present all required information 
(example: a song with a poster) .  
Summative Assessment Choice 2: 
Have students write multiple choice questions as exit slips. Load them in Quizlet and have the students 
play on teams the following day. 
Summative Assessment Choice 3: 
Have student groups each do a scene using the questions from assessment choice 1 and use the scenes 
to put together a class mural to display in the hallway. 
Summative Assessment Choice 4: 
Quiz 
Elaborate Further / Reflect: Enrichment:  
● Check with local high school or vocational technical school to see if they have a small engines 
class. Have the high school class and teacher bring engines and teach your students for a day.  
● If they can’t come to your school, arrange for a field trip or further research that allows students 
to explore careers associated with combustion engines, fuel efficiency, power, heat recovery, etc. 
●   
 
 
Materials Required for This Lesson/Activity per 30 students 
Quantit
y Description Potential Supplier (item #) 
Estimated 
Price 
   Fall 2017 
1 12 % Hydrogen 
Peroxide(40 Volume) 
from Beauty Salon 1 
Gallon 
 
(should be enough for 
Elephant Toothpaste 







Beauty Supply House 
 
$21 
10 #3 Rubber Stoppers 









3 Dry Active Yeast 4oz 
Jar 
 
(Bag of yeast may be 






1 ¼ in diameter copper 
tubing(cut into 3 inch 
pieces-8 3 in.pieces 
per teacher is all that is 
needed.  These pieces 

















1 100 Twisty Balloons 


























Buttons, bottle caps, 
Lifesavers, CD’s, 
Wooden skewers, 
Assorted sizes of 
straws, toothpicks, 





string, plastic lids, 
pencils, plastic trays, 
styrofoam, tape, Paper 
towel/toilet paper 
tubes, etc.  
















7  Temperature Guns 
and/or Thermal 
Cameras 
(Purchase or possibly utilize a district or regional set)  
 
